The first treatment of brush by aerial application of chemicals in the State of Arkansas took place in 1951. Since then, many thousands of acres of brushland and potential pine land have been treated with chemicals and restored to high productive use. The use of airplanes for application of chemicals for hardwood control has progressed rapidly in Arkansas during the past seven years. The need for controlling much of Arkansas' undesirable hardwoods on rangeland created a demand for a quick, practical and economical method of treating the unwanted hardwoods and brush. The advent of chemicals that could be applied from airplanes and helicopters met this need and chemical brush control has become an important improvement practice on Arkansas agricultural land. forage. Others have treated undesirable hardwoods in pine lands for pine release, while other landowners treated to eradicate the hardwoods for pasture or cropland development.
General

Information on ihe Herbicides Used
The herbicides which are useful in aerial application must be effective in small quantities and must be adaptable to low-volume applications.
Both the highvolatile and low-volatile esters of 2,4,5-T, 2,4,-D and 2,4,5-TP have been used. The invert formulations of 2,4,5-T are now being used on a trial basis. The highvolatile esters used are methyl, ethyl, propyl, butyl, and pentyl. The low-volatile  esters used are  isooctyl, butoxy, ethyl, tetrahydrofurfuryl,  butoxy propyl, butoxy  ethoxyl  propyl,  ethoxy ithoxy propyl, propylene glycol, and butyl ether ester. With favorable conditions the 2,4,5-T amine appears to be almost equal to 2,4,5-T ester. However, 2,4,5-T amine does not appear to be as consistent as 2,4,5-T ester.
The plant growth regulators that have been used by farmers in Arkansas are shown in Table  1 . The term hormone growth regulators is often used for these substances, but actually this is somewhat misleading, because hormones are generally recog- 
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HURLON C. RAY nized as being a growth regulating substance that is produced in plant or animal tissues. Also, the term tree poisons is misleading. The compounds used for brush control are active in small quantities and move through the plant by travelling through the phloem. These selective herbitidal chemicals are non-poisonous, non-staining and non-inflammable.
Of all the applications made by farmers in Arkansas, 2 pounds of 2,4,5-T low volatile esters of active acid per acre was found to be the most economic and efficient. This dosage has been determined more or less as standard for one application, and all other treatments are compared with it. However, the early results with 2,4,5-T invert emulsions are encouraging. The invert emulsions have a lowdrift characteristic w h i c h is g o o d. Special formulations of this emulsion can be successfully applied by airplane using a special spray device.
Purpose of Investigation and
Methods of Study The purpose of this investigation was to determine from experiences by many Soil Conservation District cooperators in Arkansas the best methods of aerial application of chemicals for hardwood reduction, pine release, and forage production. Such information is needed for conservation planning on farms and ranches in Arkansas, where approximately 80 percent of the woodland owned by farmers and ranchers is grazed by domestic livestock at some time during the year. The promising results in hardwood control with chemicals have increased the interest in grassland management and pine release.
The investigations were made in 33 of Arkansas' 75 counties The aim was to obtain a representative cross section of the different vegetative types, soil types, and different seasons of application of chemicals. A total of 60 farms were studied where detailed records are available on the aerial application of chemicals. The accompanying figure shows the locations of farms studied. These studies began in the summer of 1952.
Three types of studies have been in progress on farms since 1952. One was set up to observe the effectiveness of chemicals for hardwood control on different soil types. The investigation of soil types, site index, and effectiveness of the chemicals was made on a total of 35 soil types selected by random sampling throughout the state.
The second study was set up to evaluate the increase of native grasses following aerial aplication of chemicals for hardwood suppression. Six major soil groups having different soil productivity were chosen for these investigations. The field investigations of soil types and other site factors with site indexes aided greatly in grouping the soil types into groups having similar productivity.
The study included investigations of forage production as influenced by forest type and timber stands.
The third study was set up to test the effectiveness of the chemicals applied at different times of the year. Applications were studied from April 17 to October 4 on soils having similar site indexes or soil productivity.
Control by Soil Types
From observations it has been noted that hardwood reaction to chemicals varies from area to area. Excellent control has been obtained on some areas, while very poor control has been obtained on other areas, with the same chemical, same flying service, same weather conditions, and same time of year for applications. It has been known for some time that age and kinds of hardwoods do influence the percent of kill. However, little attention has been paid to the soil types.
In July 1958,19 soil types were selected that could be located on soil maps of farms that were treated in 1957. All areas were treated from May 24 to June 14, 1957, which appears to be the best time of the year for aerial application of chemicals for hardwood control. The same flying service was used on all applications.
In evaluating, analyzing, and presenting the data from the different soil types, the 19 soils were listed in order of site index productivity for shortleaf pine. Fifty, one-tenth-acre plots were laid out across each soil type and measurements were made on all stems 1" d.b.h and larger. The soil types according to site index rate for shortleaf pine and effectiveness of aerial application of chemicals for hardwood control are summarized in Table 2 . The type of soil seems to influence the percent of control of hardwoods. The studies further show that the higher the site index, the less effective the application of 2 pounds of 2,4,5-T acid per acre on the hardwoods. Percent control of hardwoods was found to be higher on upper slopes and ridges as compared to lower slopes and bottomland. Also, the percent control of hardwoods was found to be higher on south and west exposures as compared to north and east exposures.
On many farms it has been necessary to respray the area the second or third year. When a good initial application is obtained, best results are obtained if the second treatment is delayed until the second year. This would make the hardwood control program extend over a three year period instead of two years. On Hector, Pottsville, and Muskingum soils sprayed in 1952 with one application of 2 pounds of 2,4,5-T acid per acre, a respray was necessary in 1958. The time interval required between The exact treatment, and success of treatment will vary with the objectives of the individual landowners. For example, the percent control of hardwoods on Tilden, Bowie, Iuka, Ruston, Norfolk, Amite, and other soil types having similar site index classes may be 50 percent or less and still be a successful chemical pine release program. While 50 percent control of hardwood brush for release of native grasses on Hector, Pottsville and Muskingum soils would be considered a poor control. Each application involves a different set of circumstances and the prescription must meet the conditions. The efficiency of the application is the most important factor in getting the desired results.
Forage Production on Treated Areas
Both native grazing lands and forest lands in Arkansas face practically all the problems known to range management. These two types of lands are a very important source of grazing for cattle. Successful utilization of this native grazing resource is dependent upon a knowledge of the capabilities of the soil as well as the characteristics of the forage. This study reports some findings on increased forage following aerial application of chemicals for brush control.
Production of native grasses was inventoried in September 1957, on six different groups of soils. Each of the six soil groups studied had a different climax plant community, and each group is different in terms of potential vegetative productivity. The yields of forage were measured on each group of soils for both treated and untreated areas. A total of thirty-six 3.1-square-foot plots were laid out along line transects across each of the soil groups. The increased production of native grasses, as shown in Table 3 , varied with the different soil groups. This study shows that prairie and Savannah types of vegetation produce much more forage than do soils that have high site index for timber production. However, the tree stand and litter must be considered. In areas of good pine land, the increase of native grasses following chemical application varies with the class of the stand at time of treatment, such as open or newly cutover, seedling sapling, young pole, and mature trees, or stands approaching the fully stocked stage. The percent shade of the pine timber for these stand classes is different. The quantity of forage produced varies with the density of the shade. Forage production decreases quite rapidly as the stand of pine approaches a fully stocked condi- tion. Measurements made on have to be made to prevent overShubuta, Iuka, and Mantachie use of forage and damage to pine soils, where the pine timber had seedlings. There is always a been practically clear cut in problem of overgrazing on acres 1953, showed a native grass forthat have been treated for chemage production of 4,400 pounds of ical pine release in open range air dry forage per acre, two years areas. Cattle seem to have a very following chemical treatment. unusual instinct for locating the This was an increase of over treated areas. The new forage 600 percent from production on production on treated areas is untreated areas. succulent and very palatable. Chemical pine release results in an increase of native forage for three to twelve years, depending upon the stage of growth of the pine at the time of treatment. Cattle numbers must be kept in balance with forage production, and adjustments
Application at Dif f erenf Times of Year
The season of the year in which chemicals are applied by airplane has a highly important effect on the results. Identical treatments by the same flying service fifteen days apart may get quite different results. The movement of the chemical in the plant is determined largely by the growth activity of the plant at the time of application. Since the chemicals generally move with the food materials of the plant, it is important to spray when the leaves are fully developed and beginning to manufacture food materials in excess of their requirements for growth. Applications made too early will burn the leaves, but will not kill the plant. Applications later in the summer after the growth has slowed down are also less effective. However, some fall treat-ments in 1957 gave very good results. Tree growth in 1957 was high in September and October due to plenty of moisture.
September 1957 had a lot more rainfall than September 1956. Considerable variation has been noted in results of fall applications during the past seven years. Some of the 1957 fall applications burned the needles on the pine. However, observations made in July 1958 showed that all affected needles had apparently recovered and appeared to be normal. Formulations of 2,4,5-T or 2,4,5-T amine with water appeared to get less needle burn with fall applications than when diesel oil was used in the formulation.
A survey was made on applications made from April 17 to October 4. The results determined two years after application are summarized in Table 4 . From the data presented in Table 4 , it appears that the best time of year for aerial applications of chemicals for hardwood control in Arkansas is between May 24 and June 14.
May applications for aerial chemical pine release will often burn the pine needles and the tender terminal shoots. However, the trees usually recover by the second year after treatment.
The common coniferous species have a high resistance to the herbicide. Application of herbicides from an airplane for chemical pine release was started in the spring of 1951 on the W. T. Thompson farm. The coniferous species show little and often no adverse effects to the standard application of 2 pounds of 2,4,5-T or 2,4,5,-TP acid per acre. With higher concentrations of acid or diesel oil, some contortion of needles and current growth does occur.
The southern pines can be killed with an application of 4 pounds of 2,4,5-T acid per acre. In "dog-hair" stands of pine, the damage is sometimes high with 2 pounds of acid. Pine seed collected from areas that had been treated with 2 pounds of 2,4,5-T per acre, May 15, 1955, had a germination of 35 percent. However, many thousand acres of treated pine land have been restocked to pine by natural seeding.
Additional research is needed on the effects of chemicals on pine cones and pine seed. On many farms where pines have been released by aerial treatment, the pines grew 60 percent more during the second growing season than unreleased pines.
Conclusions
Extensive field investigations were made on 60 farms in Arkansas where aerial application of chemicals had been used to control hardwoods.
Many soil conservation district cooperators have recognized the problem of worthless hardwoods and have undertaken well-planned aerial chemical control programs to control the hardwoods on rangeland, pastureland, and pine land. Studies were made on treated and untreated areas to determine the relationships between soil types and percent control of hardwoods, increase in production of native grasses, and season of year for application of chemicals.
The effectiveness of aerial application of chemicals for hardwood control was studied on 19 soil types. On soils having lower site index ratings, the control was much better with one application than on soils having high site index ratings. A definite correlation between soil-plantwater relationships and effectiveness of the chemicals on hardwoods was also found.
Each of the six soil groups had a different climax plant community and was different in terms of potential vegetative productivity, either for grass or trees. The average grass production increase on the treated soil groups varied with the individual soil groups. Native grass pro- duction may increase as high as 600 percent on some sites. On pine sites the difference is attributed to the type of stand of pine at time of treatment. Forage production decreases quite rapidly as stands of pine approach a fully stocked condition. The high increase of forage production in_ open pine stands and newly cut over pine stands is attributed to the control of the heavy amount of hardwood brush.
Time of year of aerial application of chemicals for hardwood control was studied on areas treated from April 17 to October 4. The herbicides which are useful in aerial application must be effective in small quantities and must be adaptable to low-volume application. The herbicides act as growth regulators or as synthetic growth substances, and when applied to a plant they are HURLON C. RAY translocated and affect other parts of the plant. The movement is determined largely by the growth activity of the plant at the time of application. Since it has been determined that the chemicals generally move with the food materials of the plant, it is important to spray when the leaves are fully developed and beginning to manufacture food materials in excess of the requirements for growth. Applications made too early will burn the leaves but will not kill the plant. Applications made later in the summer after the growth has slowed down are not too effective. However, some fall applications in 1957 gave good results. Some May applications, where diesel oil was used in the mixture, did some damage to the needles and tips of pine. The pines appeared to recover with no apparent damage.
Aerial application appears to be the only feasible method for applying spray rapidly and economically on large areas of moderate to heavy brush and to large areas of pine lands. Also, airplanes can operate when the ground is too wet for other equipment. Aerial application of chemicals for brush control is a very exacting operation. Good results are obtained only when all phases of the operation are carried out correctly.
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